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1. Introduction: Photonic crysds (PC) have been
drawing great atention in recent years for its unique
characterigtics and many ways of gpplication such as
reflectors  spectrd  filters, lesr  resonators  and
waveguides. In order to redize practicd PC's in opticd
regions, fabrication of periodicaly digned pattern in
ubmicrometer order is extrendy essartid. So far, a
number of results have been reported to fabricate
photonic band gep dructures usng dectron beam
lithography. To cover large areaof asubdrate with these
patens, dectron beam lithography would be rather
ineffident compared to using laser beam holography;,
which is capable for large area exposure! In this paper,
we show the fabrication of InP 2D nano-hole arrays by
two times laser hologrgphy with a post-etching process
to makethe holeshomogeneous. After the processes, we
meesured the reflectivity to observe their peculiar optica
charadteridics

2. Experiment: Fgure 1 shows the schematic of two
times lasr hologrgphy. Fird, an InP subdrate with
photoresg (THMR-ip3300; Tokyo Ohka Kogyo Co,,
Ltd) wes st by digning its orientation rdative to the
fringe direction with a proper mirror angle g for a
designed period, and was exposed to the expanded He-
Cd laser-beams (the wavdength: 325nm) photoresst
(THMR-ip3300; Tokyo Ohka Kogyo Co,, Ltd). We
then rotated the dage for an arbitrary angle f and once
again exposd the subdrate with interference fringes to
complete two times lasar hologrgphy. After the
devdopment of the pettern with 2.38% NMD-3 (Tokyo
OhkaKogyo Co., Ltd.), the sample was wet-etched with
HBr:HNO;:H,0=1:1:10 solution for 10 seconds a room
temperature As a pog-etching process, the etched
aubdrae was rinsd with acetone to remove the
photores, then was dipped in the HF (50wt%b) for 24,
48, and 120 hours a room temperature to unify the
shgpesof 2D nano-hdles

3. Result: Fgure 2(a) shows a scaning eectron
microsoope (SEM) imege of the sufece of the
fabricated (100) InP etched subgrate: The period of the
pettern was &t to be 500nm and the rotation angle wes
60 degress forming a triangular lattice The holes are

pogtioned in periodicaly, but their shapes ssem to be
not identicd. Figure 2(b), (€), and (d) are SEM imeages of
the subdrates dter the pod-etching process in HF
solution for 24, 48, and 120 hours, repectively. We can
see that the longer we I€ft the subdrate in HF solution,
the more iderticd the shapes of the holes became. This
is because of the anisotropic etching of the (100) InP
surface with HF solution. Even though the holes got
larger asthetime of etching got longer, the period of the
pettern remains a about 500nm. This shows that the
pogt etching process by HF solution is an gppropricte
goproach to make uniformly shaped and  digned
petterns.

Figure 3 shows reflection retios of the patterned InP
urfaces with various etching time by HF solution to the
fla InP surface, measured by shining the light from a
normd direction with an objective lens Here, indead of
the wet etching as the fird-etching, we milled the
subdrates by Ar* ion beam, and then dipped them in
HF solution. Though the firg etching was different,
eventudly we obtained the same etching resuits Wecan
e tha the reflectivity increased as the eching time
incressed. It seems to be attributed to thet average
flatness of the sampleincreased with longer etching time,
a6 can be seen from Fg. 2(@-(d) as a reault of the
decrease of scatering from the sample We can dso see
dipsin the reflection spectraa around 1mm wave ength.
Thismay dso be causad by the periodicd gructures and
this discussion nesds more condderdions.

4. Conclusion: We showed the fabrication of 2D nano-
hoe arays on InP subdrates by two times laser
holography. Wewere dbleto make the holesidenticd by
dipping the subgtrates in HF solution. Reflectivity from
the subgtrate depended on the etching time by HF
solution, and olserved spectrd dips around 1mm. These
aubdrates are promising for goplications to surface
reflectivity controlled photonic devices
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Figure 2. SEM images of the surface of the fabricated (100) InP etched substrates after
(a)wet etchina and HF etchina for ()24 hours. () 48 hours., and (d) 120 hours
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Figure 3. Reflection ratios of the patterned InP surfaces
with various etching time by HF solution to the flat InP surface
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